Evidence of foam cell and cholesterol crystal formation in macrophages incubated with oxidized LDL by fluorescence and electron microscopy.
Macrophage-derived foam cells are a prominent component of developing atherosclerotic lesions. We describe an in vitro model of foam cell formation which mimics some aspects of the evolution of foam cells in mature atherosclerotic lesions. Thioglycollate-elicited mouse peritoneal macrophages were incubated with copper-oxidized LDL (ox-LDL) for periods up to 168 hr. Identifiable foam cells were present after incubation with ox-LDL at 24, 72, and 168 hr. Control cells incubated without ox-LDL did not form foam cells. Fluorescence microscopy after staining with Nile red exhibited progressive accumulation of lipids, and transmission electron microscopy (TEM) showed distinct ultrastructural changes over time. Macrophages at 24 hr had a few non-membrane-bound lipid droplets but were otherwise identical to control cells. These lipid droplets fluoresced yellow-gold after Nile red staining. After 72 hr of incubation with ox-LDL, in addition to increased numbers of non-membrane-bound lipid inclusions, macrophages contained membrane-bound multilamellar lipoid structures. These multilamellar structures corresponded to areas of reddish-orange fluorescence after Nile red staining. In macrophages incubated with ox-LDL for 168 hr, the amount of cellular lipid was further increased and cholesterol crystal profiles were apparent within some multilamellar lipoid structures. Biochemical analysis showed that the total cholesterol content steadily increased over 168 hr. The increase in total cholesterol was accompanied by a dramatic increase in free cholesterol between 72 and 168 hr. These results demonstrate that long-term incubation of macrophages with ox-LDL increased lipid deposition in cultured cells and that, under the conditions studied, cholesterol crystals formed in macrophage foam cells. Moreover, this system allows investigation of the evolution of foam cells showing some characteristics of those found in atherosclerotic lesions.